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Abstract
We describe a microfluidic device for the determination of the concentration of magnetic micro- and nanoparticles, under 
continuous flow of the carrier fluid, by means of the Giant Magneto-Impedance effect (GMI). The microfluidic chip is composed 
of a 10 µl chamber situated on top of the GMI sensing material, which is inserted in a microstrip transmission line for the 
impedance measurements. Tests have been performed using both ferromagnetic and superparamagnetic types of particles in 
liquid dispersion. The results show a promising sensitivity in the case of the ferromagnetic particles but reveal a great number of 
detection problems that must be overcame before the prototype become functional.
© 2009 Published by Elsevier Ltd.
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1. Introduction
The use of magnetic particles in different areas of biomedicine is being proposed as a promising tool for 
analytical methods, zone-selective drug delivery and localized therapy, such as hyperthermia [1]. In this paper we 
describe a miniaturized device suitable for such applications and designed to be used under continuous flow of the 
liquid-containing magnetic particles. On the one hand, this requires a repetitive method of transport of a known 
volume of the particle-containing fluid under test to the sensitive element and its accurate positioning onto it. For 
this purpose we use a compact microfluidic device composed by a micro-chamber with its corresponding inlet and 
outlet channels. On the other hand, a highly sensitive means of detection is needed to measure the signal originated 
from the particles. We make use of the Giant Magneto-Impedance effect (GMI), which is the large variation of the 
electrical impedance experienced by a soft ferromagnetic material under the influence of an external magnetic field. 
The GMI-effect detecting principle can operate from some kHz to hundreds of MHz, depending on the material. 
This, together with a much larger sensitivity, makes GMI compare favorably to Giant Magnetoresistance (GMR) for 
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particle detection purposes. Besides, GMI is sensible not only to the magnetic moment but also to the permeability 
of the particles. The possibility of using the GMI effect for particle detection has already been demonstrated [2,3].
In the experimental section we will describe the device, the different types of particles used and the planning of 
the experiments. After that, we describe the results obtained so far. We shall stress the difficulties encountered, the 
drawbacks of the proposed prototype of device and some hits to overcome them and to improve the results.
2. Device description and experiments
Figure 1 shows a view of the complete detection device (open and closed) and a detail of the microfluidic chip. 
The microfluidic device, fabricated in COC (Ciclo Olefin Copolymer), is composed of a 10 µl chamber and two 
channels that connect it with the two holes for insertion and extraction of the fluid that are situated at the top of the 
chip. The plastic holding box is equipped with two nozzles for connecting to external tubes and internally canalizes 
the fluid to the holes of the microfluidic chip. Two small o-rings prevent leakage at the internal connection. The 
holder is fabricated to precisely accommodate the board with the sensing element. When the plastic holder is closed, 
the chip is firmly located over the sensing material. When the chamber is filled with the liquid-containing particles, 
they are separated from the GMI element by 50 μm, which is the thickness of the wall of the microfluidic chamber.
The magnetic sensor used to detect the particles is composed of a GMI material inserted in a microstrip 
transmission line, equipped with radio-frequency (SMA) connectors at both ends. Planar samples, either sputtered 
films or amorphous ribbons can be used in this set-up. Most of the results that will be shown here are obtained using 
a 21 μm thick, and 1 mm wide FeCoCrSiB amorphous ribbon. It has an excellent GMI response due to its nearly 
zero magnetostriction (λs ~ -10-7) and its well-defined induced transverse anisotropy (Ku = 51 J/m3). The impedance 
of the sample is obtained, after proper calibration [4], by a network analyzer that registers the reflection coefficient 
of the 50 Ω-terminated test fixture as a function of the frequency. A pair of Helmholtz coils provides the external 
magnetic field needed to perform the field-dependent characterization of the sensing element and to polarize it at the 
operation point. Figure 2 displays the GMI characterization of the sensing material: impedance as function of the 
applied magnetic field for a given frequency and its field derivative (to obtain the field of maximum sensitivity).
The plot of the maximum sensitivity as a function of the frequency allows determining the optimum frequency of 
operation. These points (field and frequency) select the operation point of the material.
Two types of magnetic particles solutions have been used. One is an aqueous dispersion of ferromagnetic 2 μm 
magnetic silica particles (SiMAG/MP-DNA from Chemicell GmbH), typically used for purification of DNA/RNA.
The other is a Dynabeads® M-450 suspension in PBS (Phosphate buffered saline) solution. The dynabeads M-450
are 4.5 μm particles consisting of superparamagnetic iron oxide nanoparticles embedded in a polymer matrix.
Figure 1. Right: the detection device open, showing the microfluidic chip on top of the sensing element. Left: the device closed, ready for use, 
and detail of the microfluidic chip (below).
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Figura 2. a) Impedance of the amorphous ribbon that is used as sensitive element as a function of the applied field. b) Field derivative of the 
curve in (a) to obtain the field at which the sensitivity is maximum. c) The maximum sensitivity at each frequency.
To evaluate the sensitivity of the sensor, the particle containing solution was introduced in the microfluidic 
chamber using a syringe filled with a known concentration of particles. In another type of experiment, the 
continuous flow was established by means of a peristaltic pump. Both types of experiments imply a very delicate 
handling, and many problems arise as will be explained in the following.
3. Results and discussion
Figure 3 shows an example of the results obtained when trying to detect dynabead particles in PSB. The 
experiment is performed by filling the chamber with liquid, sometimes with beads and others without, using a 
syringe, and subsequently emptying the chamber by injecting air. The first problem encountered is that the sensor is 
extremely sensible to the carrier liquid. This is surely caused by the dielectric permittivity of the fluid, which 
changes the intrinsic impedance of the 
microstrip line. The sensor experiences 
a change of 0.32 Ω when the chamber is 
filled with PBS. This, together with the 
noise (in normal measuring mode, 
without averaging, there is a ± 10 mΩ
fluctuation in the readings from the 
analyzer) makes it impossible to detect 
any difference between the PBS alone 
and the PBS with dynabeads. Besides, it 
is difficult to remove completely the 
particles from the chamber (they can be 
seen at the microscope after the 
experiment) and sometimes the chamber 
doesn’t empty completely and some 
amount of PBS remain in the corners of 
the chamber (this happens in the last 
two shots displayed in the Figure 3).
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Figure 3. Example of the impedance changes measured when injecting PBS without
dynabeds (*), PBS with dynabeds (d) and removing them by injecting air (#).
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Alternatively, we planned a continuous flow experiment so the peristaltic pump impelled liquid with and without 
particles into the chamber without any air transition. We used the ferromagnetic micrometric Chemicell particles 
and discovered that they were not steadily moved by the carrier liquid. A great number of them lagged in the tubes 
until a small air bubble collected and pushed them towards the chamber. The result is that the particles entered 
abruptly in the chip immediately followed by an air bubble that produced a huge change of the impedance, hindering 
the possibility of  detecting the particles. Figure 4 shows an example of the data collected during this experiment.
The last experiment is carried out again using syringes to fill the chamber. First, it is filled with liquid without 
particles. Then, a concentration of 100 mg/ml Chemicell particles is injected in the chamber, delicately caring not to 
inject air. For this experiment we used another amorphous ribbon, whose operation point was centered at 10 Oe and 
5 MHz. To reduce noise at maximum, the data from the analyzer is averaged during one second and the mean value 
returned. Figure 5 shows the result of the experiment. Although small, a change of 0.5 mΩ is clearly observed as a 
consequence of the particle injection in the microfluidic chip.
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Figure 4. Impedance recorded during a continuous flow experiment. The 
peaks correspond to air bubbles in the chamber.
Figure 5. Impedance change when inserting Chemicell ferromagnetic 
particles.
4. Conclusions
The microfluidic sensor that we have described has resulted a very sensitive liquid and bubble detector. It has 
also demonstrated the possibility of detecting micrometric ferromagnetic magnetic particles, but the measurements 
are extremely delicate. Many improvements must be accomplished before it can be readily used. A smaller GMI 
sensible element dimensioned to the microfluidic chamber, a bridge configuration to cancel the liquid contribution 
and suitable data filtering will contribute to enhance the sensitivity of the device.
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